Introduction: Various forms of penile foreskin cutting are practised in Papua New Guinea. In the context of an ecological association observed between HIV infection and the dorsal longitudinal foreskin cut, we undertook an investigation of this relationship at the individual level. Methods: We conducted a cross-sectional study among men attending voluntary confidential HIV counselling and testing clinics. Following informed consent, participants had a face-to-face interview and an examination to categorize foreskin status. HIV testing was conducted on site and relevant specimens collected for laboratory-based Herpes simplex type-2 (HSV-2), syphilis, Chlamydia trachomatis (CT), Neisseria gonorrhoeae (NG), and Trichomonas vaginalis (TV) testing. Results: Overall, 1073 men were enrolled: 646 (60.2%) were uncut; 339 (31.6%) had a full dorsal longitudinal cut; 72 (6.7%) a partial dorsal longitudinal cut; and 14 (1.3%) were circumcised. Overall, the prevalence of HIV was 12.3%; HSV-2, 33.6%; active syphilis, 12.1%; CT, 13.4%; NG, 14.1%; and TV 7.6%. Compared with uncut men, men with a full dorsal longitudinal cut were significantly less likely to have HIV (adjusted odds ratio [adjOR] 0.25, 95%CI: 0.12, 0.51); HSV-2 (adjOR 0.60, 95%CI: 0.41, 0.87); or active syphilis (adjOR 0.55, 95%CI: 0.31, 0.96). This apparent protective effect was restricted to men cut prior to sexual debut. There was no difference between cut and uncut men for CT, NG or TV. Conclusions: In this large cross-sectional study, men with a dorsal longitudinal foreskin cut were significantly less likely to have HIV, HSV-2 and syphilis compared with uncut men, despite still having a complete (albeit morphologically altered) foreskin. The protective effect of the dorsal cut suggests that the mechanism by which male circumcision works is not simply due to the removal of the inner foreskin and its more easily accessible HIV target cells. Exposure of the penile glans and inner foreskin appear to be key mechanisms by which male circumcision confers protection. Further research in this unique setting will help improve our understanding of the fundamental immunohistologic mechanisms by which male circumcision provides protection, and may lead to new biomedical prevention strategies at the mucosal level.
Introduction
Papua New Guinea (PNG) has among the highest prevalences of HIV, syphilis and other sexually transmitted infections (STIs) of any Asia-Pacific country [1] , with an estimated adult HIV prevalence of 0.6-0.8% and significant variations by geographical region and in different sub-populations [2, 3] . PNG is a geographically, linguistically and culturally diverse nation with a wide variety of socio-cultural beliefs and practices. Across communities, there is a range of traditional and contemporary penile modification practices [4] [5] [6] [7] . These include the full removal of the foreskin (male circumcision); full and partial dorsal longitudinal foreskin cuts ("long" or "straight" cut, and the "V" cut, respectively); insertion of objects into the skin of the foreskin and penile shaft; injection of oil and other fluids along the penile shaft; and/or a combination of these practices [4] [5] [6] [7] .
We found that the most common modification was the dorsal longitudinal foreskin cut, which in its most extensive form (a "full" cut to the base of the glans penis) resulted in 100% exposure of the glans and inner foreskin, with an appearance closely resembling that of male circumcision ( Figure 1) [ 4, 6] . We have postulated that this type of cut, like circumcision, could confer protection against acquisition of HIV and certain other STIs [8] [9] [10] [11] as it results in lateral retraction and eversion of the foreskin [4, 6] . This hypothesis is supported by the geographic association between high prevalence of this type of foreskin cut and lower prevalence of HIV infection within PNG [12] . It was this type of ecological association observed in Africa which first signalled the possibility, subsequently proven in largescale clinical trials, that male circumcision might be protective against HIV and other infections in Africa [13, 14] .
In order to determine whether foreskin cutting as practised in PNG may indeed be protective against HIV and other STIs, we conducted a cross-sectional study among men attending voluntary confidential HIV counselling and testing clinics.
Methods
Study design and participants All men aged 18 years and over attending voluntary confidential HIV counselling and testing clinics in the Highlands region of PNG during the period 1 October 2013-30 June 2015 were invited to participate in a cross-sectional study. Six clinics accredited by the National Department of Health (NDoH) located in Enga (2 clinics), Simbu (2), Jiwaka (1) and Western Highlands (1) Provinces were selected as study sites based on the quality of their HIV testing and counselling services (as recognized by the PNG NDoH); client attendance figures; provincial and clinic-level interest in study participation; and earlier surveillance and research data indicating relatively high prevalences of both HIV infection and penile foreskin cutting in these settings [3, 6, 12] .
Study procedures
Men were provided with information about the study whilst waiting to undergo pre-test counselling, and if willing to participate, asked to complete written informed consent procedures in accordance with international guidelines [15] . Participants were enrolled consecutively and each assigned a unique alphanumeric study ID number that was used to identify clinical and laboratory records.
A trained male nurse-counsellor carried out a face-toface interview in which socio-demographic, sexual behavioural and clinical information were collected. A clinical examination was conducted to verify and categorize penile foreskin cutting status according to the type of cut and the degree of exposure of the glans penis. The quality of clinical examination and the verification/categorisation process was monitored throughout by the study coordinator (MD) who directly observed clinical examinations conducted by research staff at all clinic sites on the days of his monthly site monitoring and supervision visits.
Men provided venepuncture and urine specimens for laboratory-based STI testing before proceeding to pre-test counselling and onsite HIV testing, conducted in accordance with PNG national guidelines. Men found to be HIV positive were provided with post-test counselling and referral for additional services and support, as per PNG national guidelines. Urine and serum specimens were stored onsite at −20°C until transfer to the PNG Institute of Medical Research (PNGIMR) in Goroka for testing. Interview, examination and HIV test result data were entered into studyspecific case record forms (CRFs) that contained no unique subject identifiers or locator information and which were stored securely in locked cabinets at each clinic site.
Participants with clinical features suggestive of an STI were managed according to national STI syndromic management guidelines. All participants were advised to reattend clinic 4-6 weeks after enrolment in order to receive the results of their laboratory investigations and further treatment as indicated. 
Laboratory methods
HIV testing was conducted using two simple rapid tests at point-of-care in accordance with PNG national guidelines: Determine HIV-1/2 (Alere, Hannover, Germany) followed by confirmatory Stat-Pak HIV 1/2 (Chembio, Medford NY, USA). HIV testing was carried out as per manufacturers' instructions by an accredited HIV counsellor at each site, and their practice directly observed by the study coordinator (MD) throughout the study period during monthly site monitoring and supervision visits. All clinic sites were enrolled in the PNG National Department of Health quality assurance programme for HIV rapid testing. Men who had both a reactive Determine test and a reactive Stat-Pak test were considered to be HIV positive and were referred to local HIV treatment and care services, as per PNG national guidelines.
All other laboratory investigations were conducted at the PNGIMR HIV/STI Research Laboratory in Goroka. Syphilis testing used a single rapid point-of-care screening test (SD Bioline anti-TP 3.0, Alere, Hannover, Germany) followed by a confirmatory laboratory-based rapid plasma reagin (RPR) test. Those with a positive anti-TP plus a positive RPR test (any titre) were considered to have active syphilis. Testing for Herpes simplex virus type-2 (HSV-2) was performed on serum samples using a standard IgG-specific ELISA (Kalon Biologicals, Aldershot, UK) according to the manufacturer's instructions and using the recommended optical density ratios for the interpretation of results. Urine specimens were tested for C. trachomatis, N. gonorrhoeae and T. vaginalis by realtime polymerase chain reaction (PCR) using established methods, primers and probes, and performed using a Bio-Rad CFX 96 machine and CFX Manager Software (version 2.1) as previously described [7] .
The laboratory was enrolled in an external quality assurance programme through the Royal College of Pathologists of Australia for syphilis and HSV-2 serology and for N. gonorrhoeae and C. trachomatis PCR. There was no available programme for T. vaginalis PCR.
Data management
Participant study folders (containing completed case record forms and laboratory results slips) were subject to quarterly audits by the study coordinator (MD) throughout. Data were entered into a study-specific MS Access database at a central data management facility in Goroka. All database entries were validated against individual participant study folders for accuracy by the study coordinator at study midpoint (n = 524) and completion (n = 1073). Inconsistencies between the electronic database and source data were noted in a separate electronic Error Log and underwent review and resolution. Laboratory test results were entered into written test logs prior to entry into a study-specific laboratory MS Excel database by a dedicated laboratory graduate scientific officer (BT). All database and written log entries were checked for consistency by the Head of the HIV/STI Research Laboratory (PT) weekly during the study and prior to results slips being printed for the communication of results to clinic staff. On study completion, the final validated clinical and laboratory databases were locked by the study statistician (HW) prior to statistical analyses.
Statistical analyses
Descriptive statistics, including percentages and medians with interquartile ranges (IQR) for categorical and continuous variables, respectively, were used to describe the study population overall and by HIV status. Logistic regression was used to examine associations between penile cutting status, HIV infection and other STI outcome variables; and to adjust for potential confounding variables including sexual behaviour. The primary objective of this part of the analysis was to adjust the results for potentially important risk factors and/or confounders identified in univariate analysis, rather than to identify independent correlates of infection. Two-sided hypotheses and tests were adopted for all statistical inferences and p values <0.05 were considered statistically significant. All analyses were performed using Stata V.14.0 (College Station, TX, USA).
Sample size and power
We estimated that a sample size of around 1300 men would be required to detect a reduction in risk associated with full dorsal longitudinal cut of 0.6 or greater with 80% power at the 5% significance level in a population where the prevalence of HIV in uncut men is around 12% and the prevalence of dorsal longitudinal cut around 40% [6, 7, 12] . 
Ethical considerations

Results
A total of 1,073 men were enrolled at six HIV testing sites in four provinces. Around 90% of all those invited to participate agreed to take part in the study. The prevalence of HIV infection was 12.3% (132/1073) ( Table 1) . Men found to have HIV reported a younger median age of sexual debut compared with HIV negative men (19 years vs. 20 years; p = 0.004), and were more likely to be separated, divorced or widowed. No significant differences were observed in median age, province of birth, educational attainment, employment status, religion or sexual behavioural characteristics between HIV-positive and -negative men.
Overall, 60.2% of those enrolled had an uncut foreskin; 31.6% had a full dorsal longitudinal cut; 6.7% a partial dorsal longitudinal cut; and 1.3% were circumcised HIV-positive men were significantly more likely to be uncut, to have active syphilis, C. trachomatis or HSV-2 infection, compared with HIV-negative men, but there was no difference between HIV-positive and -negative men in reported genital symptoms at enrolment ( Table 2) . Men with a full dorsal longitudinal cut were significantly less likely to have HIV infection than uncut or partially cut men. After adjusting for marital status, province of birth, province of current residence, age of sexual debut, and number of sex partners in the previous month, foreskin status was independently associated with HIV, HSV-2 and syphilis ( Table 3) . Men with a full dorsal longitudinal cut were significantly less likely than uncut men to have HIV (adjusted odds ratio [adjOR] 0.25, 95% CI: 0.12, 0.51); HSV-2 (adjOR 0.60, 95% CI: 0.41, 0.87); or active syphilis (adjOR 0.55, 95% CI: 0.31, 0.96). There was no difference between cut and uncut men for C. trachomatis, N. gonorrhoeae or T. vaginalis infection. The association between full dorsal longitudinal cut and lower prevalence of HIV and HSV-2 was restricted to men who reported being cut prior to sexual debut (Table 4) .
Among 427 men with any type of foreskin cut, 83% (353/427) provided reasons for cutting, the most frequent being to improve genital hygiene (44.8%); to increase partners' sexual pleasure (32.6%); to increase own sexual pleasure (30.6%); and to prevent STIs (25.2%; data not shown). Compared with HIV-negative men (327/353), HIV positive men (26/353) were significantly less likely to report cutting to increase their own sexual pleasure (3.6% vs. 32.7%; p = 0.002) and more likely to state that cutting was done to prevent infections (42.3% vs. 23.9%; p = 0.037).
Discussion
We undertook the world's first analytical investigation of the relationship between a distinct form of penile foreskin cutting and sexually transmitted infections, including HIV. We found that men with a full dorsal longitudinal foreskin cut were significantly less likely to have HIV, HSV-2 or active syphilis compared with uncut men. This association persisted after adjusting for socio-demographic and sexual behavioural risk factors. There was no difference between cut and uncut men in regards C. trachomatis, N. gonorrhoeae or T. vaginalis infection.
Our findings are consistent with earlier research indicating the potential protective effect of male circumcision against HIV, HSV-2 and syphilis (that typically infect the inner foreskin and glans) [16-18], but not against C. trachomatis, N. gonorrhoeae and T. vaginalis (that are primarily urethral infections) [19, 20] . It should also be noted, however, that such associations have not been universally reported [20] [21] [22] [23] .
We consider alternative explanations for our principal finding unlikely due to the strategies used to minimize bias. Genital examination to confirm foreskin status was conducted prior to onsite HIV testing so that if there was any misclassification error it was not associated with HIV, as status was unknown at the time of examination. As noted above, the quality of clinical examinations conducted and the categorisation of participant foreskin status was reviewed monthly by the in-country clinical coordinator (MD) and so we are confident in the accuracy of group allocation. We considered it unethical to conduct HIV testing prior to examination because this would have resulted in undue distress for men newly diagnosed as having HIV, in addition to introducing selection bias due to the differential enrolment of HIV positive and negative individuals. We followed standard national HIV testing guidelines and quality assurance procedures, which did not incorporate strategies for identifying men with very recent infection, who may not have had detectable HIV antibodies. This may have led to some degree of misclassification error but there is no reason to assume that this was differential and therefore the only effect may have been to underestimate the true association between the dorsal longitudinal cut and HIV infection. Similarly, there is no reason to assume any differential misclassification of other STIs. It is possible that men who perceived themselves to be at increased risk of HIV and STIs may have undergone cutting to provide protection against infection. If cuts were carried out after individuals had already acquired HIV, this would then have led to an underestimation of the association between the dorsal cut and HIV infection. Our finding of a protective effect against HIV and HSV-2 was restricted to men who reported having a full dorsal cut before sexual debut, adding weight to the inference that the cut is protective. The findings of the current study are also consistent with our earlier research in this setting in which we found a geographic association between the dorsal longitudinal cut and HIV infection [12] ; and a lower incidence of syphilis among men with this type of cut compared with uncut men (relative risk: 0.10; 95% CI: 0.01, 1.84; p = 0.032) [7] . The timeframe between performing a dorsal cut and the start of its apparent protective effect remains unclear, however. Earlier research suggests a variable time period of several months to years during which a flap of foreskin hangs below the glans prior to skin atrophy and retraction resulting in an appearance closely resembling male circumcision [4, 5] . This provides challenges to policy-makers and programme managers. Sexually active men undergoing dorsal longitudinal cuts may be at temporary heightened risk during the healing period of the fresh wound. There then appears to be a variable time period during which the protective effect of the dorsal cut is established. If dorsal longitudinal cuts continue to be conducted outside the formal health sector, men will not receive appropriate risk reduction counselling, health education and condom provision during these periods of heightened or uncertain HIV acquisition risk. Failing to address these issues could undermine any potential public health benefits of the dorsal cut in this setting.
Although traditional forms of male circumcision involving the full removal of the foreskin have been practised since ancient times [24] [25] [26] , and remain comparatively widespread globally, the dorsal longitudinal foreskin cut (often referred to as "superincision" in the anthropological literature) has only been reported in a small number of societies worldwide, principally as part of male initiation rituals in parts of Polynesia [27] [28] [29] [30] , Solomon Islands [29] , PNG [5, 29, 31, 32] , and western Borneo [33] . The dorsal longitudinal cut has become widespread in contemporary PNG society [4, 6] including in communities that did not conduct genital cutting as part of male initiation in the pre-colonial era; and is now conducted secretly, without associated ritual or ceremony, and appears driven by a perception that it leads to greater sexual pleasure and improved genital hygiene [5, 6] . Our findings have a number of implications beyond PNG. First, the apparent protective effect of the dorsal longitudinal cut and the lack of protection conferred by the partial cut provide a unique opportunity to improve our understanding of the fundamental mechanisms by which male circumcision protects men against HIV acquisition and other STIs, an issue that has been the source of considerable debate in the scientific literature [34] . Potential mechanisms include differences in keratin thickness and HIV target cell density between inner and outer foreskin layers; changes in penile microbiome, and/or genital mucosal moisture levels following circumcision [34, 35] . Understanding correlates of protection at mucosal level is the focus of our current research [36] . Second, our findings illustrate the importance of evaluating traditional and contemporary practices that have the potential to impact on prevention and care strategies within a wider socio-cultural and epidemiological context. In PNG, providing circumcision services at population level for HIV prevention has not been viewed as cost-effective [37] while the current study suggests that strategies to eliminate other forms of foreskin cutting (as previously proposed in order to reduce the risk of adverse events associated with procedures that are typically carried out in the community) [38] could be counterproductive. Future efforts in PNG should focus primarily on reducing harm that might arise through unsafe cutting practices (e.g. sharing of cutting instruments) and surgical complications (e.g. haemorrhage) [4] . A more problematic issue will be to design an appropriate public health response given the finding that a simple to perform, full dorsal longitudinal foreskin cut conducted before sexual debut may confer significant protection against the acquisition of HIV and other STIs in this setting. The potential public health impact, cost-effectiveness and health system implications of prevention strategies based on the dorsal longitudinal cut also need to be compared with that of medical male circumcision, which importantly, has proven efficacy against HIV acquisition among men who are already sexually active [8] [9] [10] , unlike the dorsal cut. The process by which these issues are resolved will provide valuable insights for other countries seeking to design and implement culturally appropriate, locally acceptable and scientifically robust HIV/STI prevention strategies.
Conclusions
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